ABSTRACT
Introduction
Musculoskeletal ultrasonography (US) has become an important outcome measurement tool in the assessment of inflammatory arthritis over the past decade (1) (2) (3) (4) (5) . Although classification, treatment decisions and outcomes are generally based on the clinical examination only, it is now clear that US can add further information on the presence of a subclinical synovitis in a significant percentage of joints (6) (7) (8) (9) . The exact determination of the presence of disease activity may also be important in the determination of remission status and the decision to taper medication thereby preventing side effects from long-term use.
US is a particularly attractive imaging technique in pediatric rheumatology given its unique ability to be used in children of any age without sedation, to assess several joints at the same time and to differentiate all relevant structures including bone, cartilage and the various connective tissues (2, 11) . This is especially important in the context of new treatments, which allow the induction of sustained remission for an increasing percentage of children but at the same time rely on precise assessments of disease activity for their effective use (2, 10) .
Considering the widespread use of US in the management of inflammatory arthritis, especially rheumatoid arthritis, the need of improved standardization has emerged over the past decade for adult rheumatology. This has led to the development of consensus definitions for US-synovitis in adults as follows: "Synovial Fluid -Abnormal hypoechoic or anechoic (relative to subdermal fat, but sometimes may be isoechoic or hyperechoic) intraarticular material that is displaceable and compressible, but does not exhibit Doppler signal. Synovial Hypertrophy -Abnormal hypoechoic (relative to Sonographic Definitions for Synovitis in Children 5 subdermal fat, but sometimes may be isoechoic or hyperechoic) intraarticular tissue that is non-displaceable and poorly compressible and which may exhibit Doppler signal." (12) .
The US detection of synovitis has also been validated with histology and MRI and the scanning technique standardized (13) (14) (15) . These aspects have nevertheless only been partially addressed for pediatric patients (2, 16) . In fact, very few publications have started to collect information on US in the pediatric population (16) .
A systematic review concluded that the evidence basis for the use of US in pediatric rheumatology has not been established yet (16) . At the same time, a recent survey emphasizes the great interest of pediatric rheumatologists in this technique (17) . One of the unmet needs addressed by the review was the lack of US definitions of the components of the healthy joint, given the unique anatomy of the growing child.
Since then, the Outcomes Measure in Rheumatology (OMERACT) ultrasound group has published definitions for the sonographic appearance of the normal joint, emphasizing the variable degree of un-ossified hyaline cartilage in the epiphysis in addition to the portion of hyaline cartilage that constitutes the articular cartilage (11). Other aspects described for a normal pediatric joint include the growth plate, hyperechoic echoes representing vascular channels and the precise differentiation of the joint capsule from the synovial recess (11) . Finally, recommendations for the standardized assessment of various joints have also been published (18) . The next step therefore was to develop precise definitions for US pathology at the joint level. This has been shown in adults to be essential for good inter-rater reliability (1, 12) .
Pathologic findings can relate to a multitude of structures including the synovial recess, Sonographic Definitions for Synovitis in Children 6 the tendon sheath, the paratenon, the enthesis as well as structural damage (i.e. erosions).
All of these structures display specific pediatric characteristics and cannot be treated indiscriminately, but need their own specific process of definition and validation (1) . The aim of this study therefore was to develop definitions for synovitis and of each elementary component (i.e. synovial thickening, synovial effusion and Doppler signal), both in B-Mode and Doppler-Mode, through a consensus process and to validate the applicability of these definitions using still images of synovitis of different joints and in different age-related groups.
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MATERIAL AND METHODS
The definitions as well as their validation were developed in a two-step consensus process involving a panel of international experts on US in children ( Figure 1 ) using a web survey.
In phase 1 of this web-based consensus process a group of 33 experts were invited to develop definitions for synovitis as seen on ultrasonography in children. All of these The goal of phase 2 was to validate the definitions by testing their applicability on ultrasound images representing various degrees of synovitis in various age groups. The same experts who had participated in the entire process of phase 1 were invited to submit images of variable degrees of synovitis at various ages and each of them was then asked to assess the applicability of the synovitis definitions on each of the images using the same Likert scale as above.
Phase 1 -development of definitions for synovitis:
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The phase 1 of the consensus process involved 6 rounds of scoring until agreement on a definition for synovitis was reached. The first round of phase 1 was dedicated to scoring the relevance of various ultrasound modalities in the assessment of synovitis. The aim was to identify the relevant joint structures and the terminology used to describe them with the idea to use the results of this first round to draft actual definitions. Specifically, the participants were asked to agree on whether the detection of synovitis on US should include B-Mode and Doppler and whether it would be essential that abnormalities should be detected with both modalities in order to confirm the presence of synovitis. In addition, the various structures within and around a joint were scored as per their relevance to be included in a definition of synovitis. This included the joint capsule as well as connective tissues like fat, but also the question whether synovial fluid detected alone, in case of the inability to clearly visualize the presence of a synovial thickening (for example for the lack of an acoustic window) should be endorsed. With regards to a thickened synovial membrane the participants were asked to score the term "hypertrophy" vs "hyperplasia" to be included in the definition. Finally, the ultrasound characteristics of the various structures were scored using terms describing the echogenicity (an-, hypo-, hyperechoic) as well as the physical properties (displaceable, compressible). The specific location of Doppler flow was addressed as well asking participants to score the presence of these signals in an intra-articular vs intra-synovial location.
In preparation for the second round, complete definitions of synovitis were proposed by Sonographic Definitions for Synovitis in Children 9 the conveners of this project (EN and JR) using various combinations of the modalities, structures and characteristics that had been suggested in round 1.
The third round was designed to clarify aspects, which did not reach consensus in the second round by providing separate statements instead of a full definition, and their relevance for the final development of the definitions.
The fourth round was needed to further clarify terms for which the required agreement had not been reached and the further modified definitions were then scored in round 5.
In a sixth and final round a final version of the definition was circulated in order to harmonize the terminology used for synovitis and the elementary components with other projects within the OMERACT group.
Phase 2 -Validation of the definitions on still images
Following the agreement on definitions all the participants were then invited to submit BMode and Doppler images of synovitis of the following joints: metacarpo-phalangeal (MCP), the wrist and tibiotalar joints. Separate images were submitted for the following 4 age groups: toddler and preschool age 2-4 years, young children age 5-8 years, preadolescent age 9-12 years and teenagers age 13-16 years (18) . Participants were 
Arthritis Care & Research
This article is protected by copyright. All rights reserved.
asked to acquire the scans using standardized views, including longitudinal midline scans and a dorsal approach for MCP and wrist, as agreed in a previous exercise (18) . The images also had to fulfill minimum quality criteria including a thin layer of gel at the top of the image, clear visibility of bone contours and correct size of the Doppler box, i.e. the Doppler box had to include the relevant joint structures and extend to the top of the image. In each age group we ensured representation of various degrees of synovitis.
These degrees were determined by the participant submitting the image according to a recently published scoring system for the pediatric joint (19) . One image representing each of the degrees of synovitis (0-3) was submitted and an additional image with an arbitrary grade was also added. For the knee joint only a single image each for B-mode and Doppler was submitted for every age group as the scoring system for this joint is slightly different (19) . Only completely anonymized images were used and all participating centers did not require ethics approval for this web based exercise.
Again, participants were asked to score the applicability of the definitions on each of these images using the same Likert scale as in phase 1 with the same agreement threshold.
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RESULTS
Phase 1
In the first round of phase 1, 31 of the 33 experts who had been approached responded.
The consensus from the expert group was to include both B-Mode and Doppler as ultrasound modalities that can be used to assess synovitis in children, but there was no agreement on whether both methods would have to be used in combination or could be used separately.
Instead, the experts commented on the need to clearly define each elementary component i.e. synovial thickening, synovial fluid and Doppler signal using both modalities separately as a first step.
In terms of the specific components, expert consensus suggested to focus on the synovium and the synovial recess as well as the intraarticular location. We also included both "synovial fluid" as well as "synovial hypertrophy/hyperplasia" (no agreement was 
DISCUSSION
Definitions for the US appearance of synovitis in children were successfully developed through a consensus process and validated on still images. This represents another important step for a more reliable use of US in children following the definition of findings of the normal joint (11) and the publication of standard views to assess various joints (18) . At the same time, it is clear that these definitions should be validated further in a patient-based practical exercise. In addition, the same standardization process should be applied to other relevant structures including tendons and tendon sheaths, entheses and structural lesions like erosions (1, 2, 11, 16, 20) . Previous work done by the OMERACT ultrasound group in adults has shown that even assessments of single types of joints can be challenging and might need a relatively lengthy development process of precise definitions in order to achieve good intra-and interrater reliability of this method (1). A simple adaptation for pediatrics of standardization and validation that has been done in adults is not possible mainly because of the significant changes related to cartilage maturation, growth and blood flow in various areas of the joint (11).
There are several important findings of this study relating to the use of US: i) As in adults, the definition and the assessment of synovitis by US require the use of both B-mode and Doppler mode. Given the complex anatomy of many joints it is nevertheless extremely important to clearly identify the synovial recess on B-Mode and differentiate this recess from other connective tissue, which might be intraarticular but extra-synovial (11) 
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and even periarticular hyperemia that might be an important sign of inflammatory activity, but hasn't been studied systematically yet.
Two main Doppler techniques are being used in US at this point: Power Doppler and Color Doppler (22) . Whereas the sensitivity of Power Doppler was considered superior in the detection of low velocity blood-flow as seen in the inflamed synovium in the past, this is no longer universally true. Instead the question of which technique should be used to obtain maximum sensitivity very much depends on the ultrasound machine and the optimization of settings (22) . Our definition therefore includes power and color Doppler.
We have not validated our definition on any possible joint, but have covered three frequently affected joints of the upper and lower extremity as well as representing large and small joints. The three joints were also chosen based on the fact that some preliminary scoring suggestions for the degree of synovitis in the pediatric setting were available (19) . This was important as we wanted to ensure an appropriate range of degrees of synovitis to test the applicability of our definitions. The number of 120 images was found to be the most appropriate as it covered the various degrees of synovitis and allowed an additional random image each.
Some of the terms used in our definitions led to fairly extensive discussions. Especially the characterization of synovial thickening as "synovial hyperplasia" vs. "synovial hypertrophy" was discussed in detail. While from a histologic perspective the term "hyperplasia" would be more appropriate the reality of the widespread use of the term "hypertrophy" led to a consensus to use this latter term in our definitions in order to ensure universal acceptance. No validation of our definitions using a comparison method like MRI was done for two reasons: a) the aim of this study was to define characteristics of synovitis that can be assessed on ultrasonography and not to validate the detection of synovitis itself. This has been done in several studies in adults already (1) , but it will also be important to do this at some stage in children -b) the use of other imaging technologies like MRI is currently being standardized and evaluated precluding the use of this technology as a gold standard in pediatrics for comparison purposes at the current time (2,3).
The definitions presented in this study are feasible and reliable to apply. They will support US in the routine clinical assessment and be used as an outcome measure in research. 
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Workflow outlining the consensus process (phase 1) to develop the definitions as well as the validation on still images (phase 2). Synovial effusion is defined as an abnormal, intraarticular, anechoic or hypoechoic material that is displaceable.
Synovial hypertrophy is defined as an abnormal, intraarticular, hypoechoic material that is non-displaceable.
Color/power Doppler signals must be detected within synovial hypertrophy to be considered as a sign of synovitis.
